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SEMICONDUCTOR LIGHT EMITTING ELEMENT, OPTICAL PICKUP DEVICE 
AND OPTICAL RECORDING AND/OR REPRODUCING DEVICE 

SONY CORP 

Inventor(s): ;IWAMOTO KOJI ; NAGASAKI HIROKI ;MATSUNAGA 
KATSUICHIRO ;HIRATA SHOJI 
Application No. 09237089 JP09237089 JP, Filed 19970902,A1 Published 19990330 

Abstract: PROBLEM TO BE SOLVED: To provide an easily manufacturable 
semiconductor light emitting element capable of improving light emitting 
efficiency, reducing an operation current, and improving the reliability of the 
element and an optical pickup device and an optical recording and/or 
reproducing device using such a semiconductor light emitting element as a 
light source. 

SOLUTION: In an AlGalnP system semiconductor laser, on an (n) type GaAs 
substrate 1, an (n) type (Al x iGai- x i) i y iIn yi P clad layer 2 provided with the 

lattice inconsistency of more than 2.0 7 10* 4 and less than 3.0 7 10* 3 to the (n) 

type GaAs substrate 1, an (Al X 2Gai X 2)i y 2ln v2 P optical waveguide layer 3, the 
active layer 4 of an MQW structure composed of a Gai-Jn 2 P quantum well 
layer and an (Al X 2Gai- X 2) i y 2ln y 2P barrier layer, the (Al X 2Gai X 2)i y 2ln y 2P 
optical waveguide layer 5 and a (p) type (Al x iGai x i)i T iIn y iP clad layer 6 are 
successively laminated and provided. 
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10S±3. 0 x i o- 3 Ki.T*fcli- 1 . 5xio 
- 3 ^±-2. ox i 0-^T<7)&^*$l£$:*H-5C 
ilij;9, p32?7y KJI fSfcfin^y KJBfoJp 
«*«ffiK*»W1-5r S. :wfc*, pl^ 
7 y KJf ftfclini!? 7 -y K««t»<0*»&#Stt«C 

[0020] r r. x\ > Ym^<o^mo<r>\imwn 
<D*%~xj*<Dmmiz^\,^xtt&&&x-\*T-wx\tkz 

* 7 y KJf I I K^ttttli. GaAsIf 
tS3t<RiJt;ffi«1-'5*^^Oi^/W^-^(STL. Ga 
A s SSl;»U-C^-r-J-^«5fe^S-&S:Wi-i * 7 y 
Kl'froV I K^jftWi. G a A s StS<B!llwt£«!ci-5* 

/jS^coi^/udr'-^f&Ti-Sfc*. ^9y KJIfo^tt 

/c. G a A s SffilC»lT7'7*£fcfi-7'f'-}-*<75&^- 

*S££#1--5*7y KSfTMi, T*»<0-^ ^i-- 
-> 3 Vi^^-dSffi < 5 r b \z «fc 9 . ^FttfttfiflR 
**#WM**i6i:t**.b*i, SfeKJi. GaAs*«fc 
^UT7 , 7^(75lS^?FS-&Sr ; fr1-5^7y KS + TMi. 
I I lMEji.1'i:m&LXT9±7 , #*i&tobteZ> I I iJs 
^>Mfc*fcl±i I iKW^-ilUftU-C Kt— ^#fi«t<c 
-5 I V«i5F|ie«iOit«f[tM4i-* I I I K^+LcoS/S/4 s 
(STU. G«A!SSl:»Lt^t^w»W 
*^**ti^?y Kl^PTMi. VtRfiH-T-fcHfttTK 

a©****ttTi-5-i:l=J:9, JFttttrottK^JWMS 

[0 0 2 1] 

[3§^<7)SJS<0^1i] WT. r<7?$g^<753iS£^fgKov> 

[0022] ^<o^m<om\ <Dmi&nm\zo^x 

t&Wi-Zo HI Hi. ro^iolllSJKffitiSfflW** 
SSWA I G a I n PR^Wft u-f-'wrriSElT-fo-So 
:©AlGa I n P^^^U-f-'li. SCH (Separa 
te Confinement Heterostructure) ffi-itSr^frL. ffittS 
li#fifl:T-ffF (MQW) fflig&Wf*. 4fc. H2 
ii. ^<75A1 Ga I n P^^iS($:u-f i CD^^vU^-/< 

JoV^T, E c l±fiitt«fT4BO^/i'*-«:^i". 
[0 0 2 3] Eli fc t to , il2l^T:1-J: ji:. 

nmmiZliZA \ G a I nPl***l'-fl:^ l t 
li. nlGaAsiglli:. n S ( A l „G a ,,,) 
,. yl I n yl P 9 7 y K« 2 . (A l , : G a ,. y2 I 
n y ,P7t^l3. Ga H ln I Plf#F|4ai 
(A l a G a ,.„-) I n^.P»SSl4 b t*»e>45 



(6) 



1 -8 7 8 3 1 



MQWt$5t<D?gt£Jf 4 . (A l x2 G a ,.„,) ,. y: I n y2 
P3t*««5. pi (Al„Gi hl ) ,,|In„P^ 
7 7KI6, plG a I n P 7Jo«fcO ! pS!G a A 

s*+y7l8#lHWM34VCV*S. pi (A1„G 
aj ,.„I n yl P*7 7 KJf 6(75±JBW. pSGa 
I nP*KS7JoJ;l>*pMGa As*-Y7 7'Jl8f4 < - 

[00 2 4] pSGaAs^+yyiSfc'iVnlGa 
A s*8S$lE*JB9 0±Hti. WfctfT i /P t/Aut 

G a A s WR 1 ©affile*. W*.tfA uGe/Ni/A 
u ± 0 fc n tjmtBE 1 1 jJSRlt fcftTV 

[0025] nSi (Al„Ga HI ) ,. yl I n 

yl P?77K12*iJ:t;pI (A 1 „,G a 1 - y , I 
n,,P 9 7 v KJf 6 (DA 1 ffi$it x 1 14, (A 1 l2 G a 
i-J i-,: I n y2 P %m&m 3 , 5 Jo J; t/SttS 4 <7? 

( A 1 52 G a ,. x2 ) ,. y2 1 n y2 P PIM 4 b OA 1 ffifiE 
tbx 2 4v<b*#<, AfrWCI±. x 1=0. 

7ffe?. x 2 = 0. 5T'fo5o 

[0 0 2 6] nl (A 1 xl G a ,.,,) ,. yl 1 n yl 

P 9 7 •> KS 2 tJii/nSG a A s ^flftSfc^Jf 9 <T> K"+ 
~^pmt LTIiW^liS e. S i * iTSrfflv^r t*5 

tfSffl^CjJh/O^o pS (Al„Ga H |) i-yi I n yi 
P? 7 7 KJf 6. plGBlnPtBi7*J:tfpaG 
a A s^+y?'l707?t7 , ^^i fCJiWitf 
Zn. Mg*4f«rfflv»*r fc#niflB-e*>9, r.<75ii-g\ 

nS (A 1 »,G a ,.,,) ,. yl I n yl P 7 7 7 KJf 
2<7>*|i£t«i£l4. 0J*.tf 1 x l 0"~5X 1 0"/c 
m'SI, pi (Al„Ga w ) ,. yl I n yl P?77 
K«6©*«»»*I4. tfUlil xiOVcm'g 

«. niGa Asmffim*$m9<D*®>y)m&\*, 

1 X 1 O'VcmSlgX-fc?!, 

[0 0 2 7] COA 1 G a I n P fclM 
i-5#*W«:JiO*4ro-0!l^*lf4t. nS (A 1 xl 
G a ,.„,) ,. yl I n yl P 9 7 y KJf 2 <DJ?$I4 1 m m, 

(A 1 x2 G a ,. x2 ) ,. y2 I n^P%VttJl3, 5<75J¥$ 
14, 1 0~ 5 0 n m, SttJf 4«Ga H I n 

, Pfi^-JtFJI 4 a Jo it/ (Al, : Ga ,. x2 ) ,. y2 1 n 
y2 PP$|gJl4 bWJ?:$l4, ^^^15 nm, pi (A 1 
„Ga HI ) ,. yl I n yl P ?5v KJf 6 <0£{$<7)J1$I4 
1/im. plGa I nPtWi7ff)SSli3 0nm > p 
lGaAs*f>7l8ff))|$li0. 3 u mX'hb. t 
fc. * V 7 4 7'*SI4W^(4 5 ti mX'fo 9 . * h 7^ 7*» 
«)W«©(B^=l3ltS pi (A I „|G a ,.„) I n 
yl P 9 7 v KJf 6 <DW- £ 14 0 . 3 » mX'foi. Sttl 4 



14. G a ,_, I n, PS^-#F14 a Sr. 0ijxli3~7 

[0 0 2 8] Z.<DA I G a I n P^^fitU— t^'JrJo^ 
TI4, nl (A 1 „G a ,.„,) ,. yl I n yl P 9 7 7 KS 
2 . (A 1 x2 G a ,. y2 1 n y2 P7c;2#j£S 3 , Stt 
|4WGa h I n t Pft?-#FS4 aJSitf (A 1 „, 
G a ,. x2 ) ,. y2 1 n y2 PPfllS 4b, (A 1 x2 G 
ij ,- y2 I n^PMlS^^Cpl (Al„ 
G a ,.,,) ,. yl I n„P 9 7 7 KS 6 AK nlGaAs 
SSlCJtLtHli:. «*.tf. 2. oxio^i 
3.0X1 0" 3 W7, ffiitCli, 01J;L»4\ 3. 0X10 
"^±3. 0X10W, *flsWlCl±. W*.l*. 1. 

0 x l O-^te^HF^Sr^TL-O^o Lfc^oT, r. 

nl (AI^GaJ ,. yl I n yl P 9 7 y K 
® 2 . (A I l2 G a ,. x2 ) ,. y2 1 n y2 P 3 , ffi 
tt«4WG a ,. z I n, Pti I -?fFl4 a Joitf (A 1 
x:G a ,. x2 ) ,. y2 1 n y: PPf US 4b, (A 1 x2 G a 
ln8 ) ,- y2 I n^P3t5»«»5<ee>Ww P ® (A1„G 
a ,. xl ) ^, I n y , P ^ 7 7 KJf 6 Wt&^-^lfc a , (4, 
nSG a A sSfil OftfSfta , i9 < 4oT 

1^-5, 7iJ6, plG a I nP"PF B 1J!7. pSGaAs^ 
-^-77 > Ji8(4, nSGaAaSSli^U^SSj 

[00 2 9] ICtB. nl (Al„Ga H1 ) ,- yl I 
n yl P?77 KH2J3iVpS (Al„GaJ ,. yl 

1 n yl P*7 7 KS6ir«4. mCj5rWfi£i-?> (Al„ 
GaJ ,. yl I n yl PW I n!fl$Jty 1 SrSS@5-f-5 i 
tic J; yte^S-g-^-S-^ibft. (A l x2 G a ,- x2 ) 
,. y2 I n y2 P7t««l3, SJoj;^ (A!, : Ga h2 ) 
,. y2 I n^P»gS4 btlt4, zne>Sr*dt1-5 (A l 
x2 G a ,. x2 ) ,. y2 I n y2 P<75 I nffl^Jty 2 <:Mli"« 
Z.tizX'Otettm&tfS-Z-btl. G a 1^ I n, Pi 
^-#FJ1 4 a ic(4, mSrffi(S1-5G a ,. x I n, P<D 

[0 0 3 0] lit'. nlG a A sMl (C*t1-5^ 

T. Ga h I n, Pft^#FJl4 a ro*&SrW 

(CtoT^1-5o i-*bt>. G a P <73tS^WRSI4 5 . 
45 12A, I n POtS J F-MHl4 5. 8 6 8 8AT'fc5 
G a A s (fe^!Eic5. 6 5 3 3 A) t^fi^ 
t5Ga H I n, P4 J r#FS4 a<7)*a^l4. 
5. 4 5 1 2 + 0. 4 1 7 6 Xz = 5. 6 5 3 3 
<f9, z = 0. 4 8 4-C-fcSA>?5, G a,. 516 I n 

0.484 Pt'iS. 

[0 0 3 1 ] miCfcrLT, :OGa„ I n x Pfi^ 
#Fl4a7J5. niGa A s StS 1 \ZttlX7'7*<D& 
A*WICI4, 0i|xl4Aa/a = l. 0X1 0 

5. 4 5 1 2 + 0. 4 1 7 6 X Z = 5. 6 5 3 3 X 1. 
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0 0 1 

£9. z =0. 4 9 7-C*j5A>5>, G a 0 . 503 I n 
0 . 497 Ptft5, Lfc^oT. Ga h In.PiW 
F14 a#. nMG a A s Slsffi 1 \Z.%S\,X7'7 ^(Otik^ 
:; F!8l"nS:W1"'5l§'nCD I nffiJ^Jtzli, G a ,., I n x 
Pft^FJf 4 a /j!niG a A s S*g 1 ifST-S^I"?) 
*J£co I nfflf&Jtz £9 *>7<#<ft5, 

[0 0 3 2] Witf. wCOG a ,. x I n, Pfli 1 

^Fl4a*S, nlGa A s 1 US* LT^^CD 
fttWHCli, ^liia/a=-l. OX 

1 0- 3 c7?te^*S££#-f 5»£<DflJ5£l;i. 

5. 4 5 1 2 + 0. 4 1 7 6 X Z =5. 6 5 3 3 X0. 
9 9 9 

£9, z=0. 4 7 0-C'fo5^b. G a 0 . M3 I n 
o. w P ttti. lfci 5 oT, Ga h I n, Pft^# 
Fi4a#, nSGa A s StS 1 lift L -f*CD& 
^ ^SZ^iTZm-SO I nfflf&ltzli, Ga h In 
x Pir#Fi4 a*!nSGaAs|fil ,t te^f&g-f- 

[0 0 3 3] nS (A l „Ga Hl ) ^ I n yl P^7 
*> KJf2:fcJ;t>'p§! (A 1 ,|G a ,- yl In yl P7 
7 y KJf 6 <D4§-g\ ft bWZ . (A 1 x2 G a ,_„,) ,. y2 
I n y: P5fc«i£S 3 , 5 *3 ±t/ (A 1 x2 G a ,_,.) ,- y2 
I n y2 PPt§IS4 broi^Co^tt, Ga InPWG 
a £ (A I G a) £ g##l;i*lli. -t&CQG a ,- 2 I n 

[0 0 3 4] ^^T\ nSGaAslffill:SLt + 
1. 0X10- 3 «t&f^l^t5ni (Al^Ga 
,_,,) 1 . rl In„P^7yKi2*5iU ! pI (A I sl G 
a ,_,,) ,. yl I n yl P 7 7 7 KH 6 <D I n^tby 1 . 
(AI >: Ga w ) ,. y: I n y: P7t!9jfie3, 5*J<tt/ 
(A 1 x2 G a ,. x2 ) ,- y2 I n y2 PP$ltJf 4 b CD I nttfiK 
ity 2. ^t>c/lw, Ga h In, Pi; J F-#FS4 a CO 
I ni&)&itzCDjyW^ffi£*tf3i:. yl=y2 = 
z =0. 4 9 7X'h% 0 

10 0 3 5] _ba!<75 J: o\zffif!iZl\tz.z.<DW, 1 co 

^SS^figHi^A 1 G a I n P****^— ^*«5K5S* 

[0 0 3 6] rcOAl Ga I n P f 

CCOAlGa InPS^W-f«:« 
j^-f ^JxliMOCVD&iwJ; 9$fiH- 

5 0 -<&BS. I I I -V8Hk^«i|i»*«)W»t tT 
|i, h y tT-tlsT/H-VA. (TMA) x 
7-7A (TMG) , h!J/fMyv''i'A (TMI 
n) . T/Ui^V (AsHj) , 7*X7<<> (PH 3 ) 

? (DMZ) &ffl^3 0 

[0 0 3 7] JMfclftKli, £T. H 3 ll*-t" J: 5 »w, n 
SGaAsMl ±ii, nl (A I sl G a ,-„,) ,. yl I 



n,|P^7->K|2, (A l x2 G a ,_,,) ,. y2 1 n y2 P 
%mLM 3. Ga h In.P i;^#FJI 4ai (A I 
.iGa,.,,) ,. y2 I n y2 PP*H®4 b t*»b<C4MQW 
fSiiCDgttl 4 . (A l x2 G a ,.,,) ,. y2 I n r2 P3t^ 
$15, pm (A l^Ga,.,,) I n yl P777 K 
16, pSGa I nP' : PF^l7ioJ;U , p§!lGa As^rt 

t # . nl (A 1 „,G a W1 ) ,- y , ln,,P^'; KJf 
2 , (A 1 x2 G a ,. x2 ) ,. y2 1 n y2 P ft'M-l&M 3 , Ste 
Jf 4CDGa,. x I n I PS^FH 4 a*3<tt>' (A 1 12 
G a ,. x2 ) ,- y2 1 n y2 P P$g/f 4b. (A 1 x2 G 
a ,.„;) ,. y2 1 n y2 PmmS 5 ftfetffc pi (A 1 xl 
G a ,,,) ,.„, I n yl P * 7 v KJf 6 Icp/r^cOtSiF^S 
-g-^4x.e,4x5J: TMI n<aSftS&Sfflgltf-?>. ft 

*S. 'CDi^CDTM I nCO^fiCOSOTii, mfc^M®^ 
[0 0 3 8] ftl!, 04lw^1-J; pSGaAs* 

\ 8(D^m\zm^icvDm^x'o s i OoiK-^ 

= >^LTBlf^*BO^ h7'f7'PtOv^? 1 2*rtl$. 

ffll>T, S/ hxy^^^jfelrit? (Al„Ga 
,.„). I n yl P^7-7 KS6«5J¥$*l6lOJtl1 a Oai 
££-e^;/^^1-5= riltlioT, P S (Al„G 
a,.,,) n yl P^7-7 K«6W±BS5, pSGa 
I n P+Hl TJJiWpSG aAs^'^|8f - 
^[fe](I}gl>'5F^5Ei|SCO^ Sf'f 7'7T^lw-' < ^-->'^$ 

[0 0 3 9] H5(rfc-fi7(-. 
7 t L-CfflWc-^7.7 1 2 ^ft-v7^t L-Cffl^T. 
* h 7^ 7'g[5CO(Sf{Ri)COa^lw nSGaAs l^iS^Jf 9 
^{?iJ^l4MO C V Dfeil i 9 fiKS $ 

[0 0 4 0] ftl:, -^7.7 1 2Sr^-7^V^*tfc 
^,011^^1-^911, plGaAs++77'i8*iJ; 
O 1 n 9 co^Btr p ftiJ^IS 1 0 SrffM-fS t 

t t>K, niGaAslfil co'SEl; n fflmiS 1 1 «r» 

a I nP**»#U— b*A«M3fiSJl*. 

[0041] iiEcoi^Jctifife^Hitrco^iro^ig^ 

ffilCi^lf, nl (Al xl Ga,. xl ) ,. yl I n yl P7 7 
V Kl 2 , (A 1 x2 G a ,. x2 ) ,. y2 1 n^PJt*** 
3. ?§I414C0G a ,. x I n x Pfi J i L #F)i4 a*3it>' 
(A 1 x2 G a ,. x2 ) ,. y2 1 n y2 PP$MJf 4b, (A 1 x2 

Ga,. x2 ) ,. y2 i n vZ P9tmm5%bmz P m (ai 

xl Ga,. xl ) ,. yl I n yl P7 7 7K!6^, nSGaA ■ 
sStSl tJtLT-«l=, 2. 0Xl0- 4 tl± 

3.0X1 0"OT. ffiglwtt. 3. 0X10 

-<£1±3. 0X10' 5 WT, ftftWl-li. (?Jtli, 1. 
ox i o- 3 <ote^!£&#1-5::±:KJ:9, «I (a 




(8) 



1 .iGa,.,,) !- y , I n rl P?yy Kl 2 tft-JzLFpS 
(A 1 zl G a ,.„,) ,- yl I n yl P ? y y Kl 6 fcD^ 

[0 0 4 2 ] lit-. S!iaS:W5>A^i"5fc*«-. nl 
(A 1 „,G a ,.„) ,. y , I n,,P^7 7Kl2, (A 1 
l2 G a ,_ j2 ) ,. y2 1 n y2 P jfcg&JS 3 . SttJf 4WGa 
,.J n, PftT-#FS4 afcitf (A 1 k2 G a ,- l2 ) 
,. y2 1 n, : P Ptggl 4,b, (A 1 , 2 G a ,. l2 ) ,. y , I n 
y: P^il5/^U'l:pS (A l,,Ga ,.,,) ,. yl I 
n yl P^7-> metK niGaAsSgltMU- 
Aa/a=+lxl0-W«^ft5l 
ri. A a / « = + 3 x l O^fi? ^«r*t5* 
^t. Aa/a=0 (tt^»-&Ufc»^) (Om+tZtt 

izii. 1 n y hSfc<9 3 0 ft A U 2f^$r-«B# 

fco - A a / a = 0 ro*^-Cli-&tt**S»Stf 0 

%-C'fo^fc<75lC^LT, A a /a =+3. 
*^--eii-fr*Wl*l±L, Aa/a=+l. OX10" 3 
(Dmi-X'itmi 1 0 0%ili£^-&&^i&ofc 0 m 
(4, pi (Al^GaJ i- y i I n r ,P?75' 

KJB 6^. nSGaAsi«ll:»l/tttWS^Srt 

10 0 4 3] Lfc^ot, :diro^*iiil:J;ft 
9. ?§t£H4lc^tT<3S*T3/xvMi£S(- ; FI« ! ^?r K-t' 

f, AlGaln P3R***U— !fO«*»*«:l*l±* 

IGaln P3R***W— 1ft, nl (Al „G 
a,.,,) ,. rl ln„P#7';Ki2. (A 1 s2 G 
a ,.,,) ,. y2 I n y: P 3t jff^S 3 . fi&l 4«)Ga h 
I n : Pt^Fi4 a Joit/ (A 1 j2 G a ,. l2 ) ,- y2 
I n y2 P Ptgl 4b. (A I , : G a ,.„,) ,. y2 1 n y2 P 

xmrnm 5 ttbwz P m (a 1 „g a ,,,) ,. yl 1 n rl 

P 9 7 v KJB 6 i:-«4j8^S^t4i5 t ^ 5 M9P 

[0 04 4] tfclZ, ~ W||PJ1(D®2C0^1iffl^fll(CO^T 
KLWi-S, i"*^*). C<D^2W»JSff^ffilCj;SA 1 G 
a I n P^*jff^lg7fe^^l-fcV>-CI± < nS (A 1 „,G 
a,.,,) ,. yl I n fl P?7yKi2J3j:U t pl (Al„ 
G a ,,,) I n yl P 9 7 V Kl 6 AS. niGaAs 
»«1»=»L-C, H£lw> 0>J:t'4\ 2. 0X10S1 
3. 0X10- 3 WT. ffiil^li. fflitf, 3. 0X10 




mWl 1 1 -8 7 8 3 1 



-<KJLk3. 0 x i o-^T, £{fcWK:i4, 1. 
OxiO"W^«r*Lt^5. (A 
1 l2 G a ,. y2 I n y2 P Tfejff^fi/l 3 . 5 ft * 
I4l± t fliRtfnSG a A slffi 1 irlS^-g^bT^ 

[0 04 5] £<75^2<©Hli|^flSU«to-t'b, H»i 
[0 0 4 6] £<7??§BJWffi 3 WllJfeJ^fSKo^T 

1-<tfc*». rw®3<DHJS^ffii3 i^A l g 

a i nP»**raR3te**fc*jv*-c,4, P s (ai„g 

a ,_,,) I n yl P * 7 y Kl 6 A*. nlGaAsS 
tglKStLT. Wittf. 2. 0xi0-*ai3. 0X1 

o-^t. »aiwi4. mz.\$, 3. oxi o-"w±3. 

0 x i o-»EA7. fl,fW5iCii, <3*J;LI4. 1 . 0 x i 0" 3 

(Dfe^^SrWL, ni (A 1 „G a ,.„) ,. yl I n 
(1 P^77 Kl 2 A 5 , nSGa A s £1g 1 IC^LT. 0H 
iff, -1. 5XlO" 3 a±-2. 0X10^7, if 
ami, Wittf. - 1 • 5X10 - 3 W±- 3 . oxio 
^T, *fW5l=ii, W*tf. -l. Oxio-W 
^^*Lt^5 5 CWi^. (A 1 x2 G a ,. l2 ) 
,. y2 I n y: P7t«&e3, 5*5^^+41414, W*.tf 
nSGaAsISl fctt^SE-frUTV^. 
[0 04 7] ICf, nlGaAslSll^LT- 
1. 0 X 1 O-^l^f ^**t?) nl (A 1 „G a 
,.„) I n yl P ^ 7 v Kl 2 W I nffififcy 1 14. - 
Onl (A 1 5l G a ,.,,) ,. yl I n y , P ^ 7 y Kl 2 A 5 
nSGaAslIl ift^Stel-S t *<& I nttfifcy 1 
J:9'h*V\ £<0*&, JH««JI=li. nl (Al xl Ga 
,.„) I n,|P^7y Kl 2 <73 I nffiriSJfcy 1 14 
0. 4 7 0t*fc5. pS (Al,|Ga w ) ,- yl 

1 n yl P?7-y Kl 6 <D I nffiZ&Jty 1 140. 4 9 7t 

fo5o *<n{&<Dz ti4, ±iE^^i <Dmt&Bmtmmx' 
[oo4 8] z<Dm3commmt±iix\f. 

^. nl (A 1 „GaJ ,. yl I n yl P^7-y Kl 2 
AS. nlG a A s gig 1 I- St LTv^t7«WI-& 
tWL, A^o. pS (A 1 „G a ,.„) ,. yl In yl P^ 
72/K12A5. nlGa A s ffitg 1 USt LTT*^ ^^tS 
^g^frWL-O^W-C, nl (AI„Ga H ) 
,. yl I n yl P^7-> K12+-CI4. S e ©ffittfcH#+ 
SVj&S+LW&if AS|g;< . pi (Al^aJ ,- yl 
I n yl P^7-y K16+-CI4, Z nOtt»lwBS4-t?) I 

fcA. H3W^JS^ffilr4iXl4, nS (A1„G 
a ,.,,) ,. yl I n„P^> KJf2^ft<t^pM (A 1 
„G a ,„) ,. yl I n rl P^77 Kl 6 fOtMJH: 

#5, 
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[0049] z.omw<n%4<D%mmiz^\,^x 
t&wtZo -ftehh* z<D%4<Dmmmt£%A i g 

a I nP^^!g^l6^^lwfcV^TI±, p§2 (A1„C 
a,.,,) I n,|P? 77 KB 6 n|GaAs| 
tgl lr^LT-«lZ, #J;ll±\ 2. 0X10^13. 

0 X 1 0-*UT. ffSCtt, 0UI4', 3. 0X1 0-"^ 
±3. OxioW. Affclftlchi, 8*1*14, i. ox 

1 O-'OftWS^SrtUtPS. pi (A 
1 xl G a ,.„) I n„P 7 7 V K® 6 <D I n*!/£lt 

y 1 140. 4 9 7Tfc5 0 nW. (A 1 

.jGa,-,,) I n y |P???Kl2, (A 1 x2 G a 
,. x2 ) ,. y2 I n y: P7t^?Sl3, 5*5±t/®ttS4l4. 
MtlinlGa A sMl ife^S^ tTV>5, *0>te 
<D Zt 14. ±i£W&l ©HH[»tttPHII-C*»6«)T, tt 

[0 0 5 0] z.ro»4roH«S^lfiCJ:ixtf. pS (Al 
^GaJ ,.,,1 n„P^7!/Ki6t©TO»ro*i 

ik*»w+*3. t\zx 9 . us i <r>mm.wMt nttttax 

[0 0 5 1] Scl:. ^<OI6Bjw^5<75|ltS^ffilcov^-C 
tftWI-So "f-fcfr*,, rw»5roH«iJgffil;±4A 1 G 

a I n P^#2»*U— tftwJo^Ttt. nl (Al„Ga 
,_,,) l7l In, i P^7yKl2A\ nSGaAsSS 
Ui#LT-W=. Wsttf, - I- 5X10- 3 W1- 
2 . 0X1 O^XF, ff*l3li, 0fl*.tf. - 1 • 5X1 
0- 3 ^±-3. OXio^T. AfcWfcli. WAtf. 
-1. 0 X l 0- 3 Wte^S'&£ ; ffL-U>5o CK^Mi 
£, nl (A 1 xl G a ,.„) ,. yl I n yl P 7 7 V KJf 2 
W I niiaj&tfcy 1 110. 4 7 0tfc5, :Oi 

(A 1 j2 G a H: ) ,- y2 l n y2 P3fc>gi&Jf 3, 5, 
?£te/f 4fc4t>* P S (AI„Gi M ) ,- yl In yl P7 
7 7 KH6I4. ffl^linSG a A s£*gl ir^^S^L 
tciftwrtli. .hit?*?® 1 (Dmt&BBbffl® 

[0 0 5 2] Z<D%5<Dnmmfc£i\\i, nl (A 1 
„G a,.,,) ,- yl ln,,P?77 Kl 2 fO^FttttOtt 

c t »w 4 (j , %\ <o%mmtmwm& 

[0 0 5 3] &U:. r<O5g0^ro^6<D^fl?fif.lCO^T 

0 6 14, cro?S6 0llSS^llB«-J:5#il#** 
S«JA lGaln P»^i»*U— !f Sr^1"»rffiBI"C*> 
5 0 Z<DA l G a [ nP*¥*ffU-tfttSCHl*Jifc 
•WL, gtt«!4MQWfl|jSSr*i-4. 

[0 0 5 4] 0 61^1-4 ^IC, IOJB6«)|ll6»*»= 
4 5 A l G a In P U— IfirfeV^ 14, pS 

(A l „G a ,..„) I n yl P 7 7 y Kl 6 <0±S 
SB. plG a I n P"PK® 7 *>4tfpg!G a A s =*--V7 

^SBOWWoSB^CisitipS (A l xl G 
a,.,,) l7l In,|P?5yKa604fl», pSHGa 



I n PtpHflJi 7 4o4U t p£!G aAs^ 7 7'! 81::, B 
tl ZtiJ A $ ft 5 r 4 iz 4 9 ^jS $ ft fc » tSffiW 
«13^R«te>ft, lftK4oT, «ffl!fc«ffii&«tH$A 
$fttl^= p{PJl®&10.4. pSGaAs* + ->7*i 
8fc4tfSi£W3ci 3±fctti}e>ft"0»S. 

[0 0 5 5] rcOA 1 Ga I n PR*** I — ifKJS^ 
TI4, Il^Mi:J:5AIGa InPl 

*i#U-ftl?l«l:, nS (AI„GaJ ,- y , I 
n„P?77Ki2 < (Al^Ga ,. x2 ) in2 I n y2 P 

jtsras 3 . m±m 4 , ( A 1 x2 G a ,- x2 ) ,. y2 I n y2 

P7t^iSl5jo4t>'pM (Al xl Ga,. xl ) N In„ 
P?7'yK!6i\ nlGaAsI«ll:»LT-i 

ic, ey*.tf, 2. 0x10^13. oxiom 

#igl::i4» 0iJx.»4x 3.0X1 0-*W±3. 0 x l 0" 3 
£IT, A*Wlw.4. fi*J;tlf. 1. OXIO-^ISWI 
-^Sr^i-So ^te<75ffii£l4, ®l«Ilfli:J;5A 
1 Ga I iiP^^f$U-f-'tPHt-Cfo5.(OT". tftWfc 

[0 0 5 6] Z<D%6<DnfoBWt^£Z>A 1 Ga I nP 

l Ga i nPl#I*u- tfoKJfijErifekmilKiiiat 

4 9> tiiG a A tX$l ±13, nl (A 1 „G 
a,.,,) ,. yl I n„P^'/HI2. (A 1 x2 G 

a ,.„,) ,. y2 1 n^PJt**! 3 , Ga h In.Pi 
1 (A 1 x2 G a ,. x2 ) ,. y2 1 n y2 P PfggJl t 
fc// 5MQW«iS«?gtta 4 . (AI,,Ga w2 ) 
In y2 P7t««l5, pi (AI„Ga w ) I n 
yl P^7fKl6, p|Ga I n PfHl7*=4TJ ? pS 
GaAs^ff 5/7*18^, MOC VDffilwJ: 9W»fiSft 

[00 5 7] ^IZ, plG a A s * Y ^Jf 8 ±KB»tJ£ 

^X^Ut, -Y^->ffiA'?il^4 9 , plGaAs^rt 
■y7'S 8. piGal n P <PW/B 7 *34tf p S (A 1 „ 
G a ,. xl ) ,- yl I n yl P 7 7 7 Kl 6 <75±®|EBIC, 'MtR 

th\z K-7*t5; ttw4 9, l 3 Sr^fS 

7"^5feLfcfg, 0 6II^-f4pJw, pUGaAs^+y 
y'm 8 43 4 KJ6l7iffl« 1 3 w^SIc p fPjjmtS 1 0 
fat* 1 1 1 nlGaAslll n WUSe 

A 1 G a I n P*ip*#U— lf* s «a$ft5. 
[0 0 5 8] r<D^6CDSS£^fSIC4ftl4', 
©AIGa InP^I^U-fM^t. %\<r>%^. 

nm t mm * * » 5 c t ^ -e « 5 . 

[0 0 5 9] i^ir, ±Sg«3Wl. 352, *3, *4. ffi 

5 ttzttm6(ommm^x^A l G a I n PS^f* 

1-. 
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[0 0 6 0] m7lZ*i-£ 0 \Z y ~<DftT ■< 

%Mk Lt***u-f l 0 1 «rtl*.-C^$. r 
(D^mfc^-Vl 0 1 t UTIi. ±i£<0$gl , ^2. I 

3, #4, »54*:li*6Wia6^1»{wJ:5A 1 Ga I 

— huyXl 0 2, t'-A^/^y^ 10 3, I /AW. 

nmi 0 4. fflwyxi o 5, ^tbu^x 106, ft 

**»afflS**^ 1 0 7*5j:tJ«fS-i-3felf^l3]!8i 0 8 

10 0 6 1] rro^r-f^^S^atwtJ^-Cli, 

f 1 0 1 <EHitibfcLli=< <J t-b UVXl 0 2» 

g-c i /Afaftm i o 4 tc ± g&fimmzixtz 

<£. fcUfcu^Xl 0 5\zi.<om%$i\X%y ! >( *9D\z 
»#L ' Wttl/^Xl 0 5*5±tfl/4«ftffil 0 4 

yXioe ^Tfg^HtefcffifflSJtSl^ i o 7 izAW 

u r. r. -e**t«3-fcse* £ tut® , it%ytm£®&i 

[0 0 6 2] rojtr^^^s^Sia^intf, 3t«K) 

tfl 0 1 fcLT. ±S£«?£l, S2, KS3. 
*4. »5 4fcliSS6 03|lteJgieirJ:5A 1 G a I n P 

[0 0 6 3] ft:fc\ ^1, ^2. fg3, H 

4, m5$.1ttt%G<Dmi&MBiZ£Z>A 1 G a InPl 

-g-lcoi ^TlftBJ LfcA 5 , ftr w * * IE»H £8iB J «te? f 

ti^j ». %^dv$7v •fmmvytmtt z\zmRirz> z. t 

[00 6 4] W±wO5§B^C0|ll£^lilCOV>T^ft:6<)»w 

», S&flfciU'tffilftifliaK 4-cffijiw-t-r-f, 
£CC. iftiSiSW. RttisitfflKiftif&fflv* 

[0 0 6 5] ±aw>8i -f6©^tSIii:ii^ 
Tli, #^i9tt«rofe-T-^»-&^. Z<Df3faX— tit ft 

^bLT^TtiV^ Si -»3*fc«:86<0£1ft 

JgliWJ:?^, nSG«A!£Sii:*fUTft^'Fl# 




4*H!¥ 1 1 - 8 7 8 3 1 



If. »iroH*»»K:d3v»Ttt. gt£Jf4<7?& 

[0 0 6 6] ±iEro»l~»6 0HlS^Jgl^V^ 

Ttt, n5« (Al^aJ I n yl P ? 7 y Kl 
2*3«tt>*pS (A 1 „G a ,,,) N ln yl P^7yK 
B6ftfC0cfc 5ftA 1 G a I n P7)>bft5 i N»&JI<75t& 
A 1 G a I nPOI n <DBf& ZW&BtZ - 
tlC«fc9 4;tfeftfc'bWT*>*)> Ga^In.Ptf 
#FJf 4 a CDj;?ftGa I n P ft 
^FS-&I4. GalnPOIn ro*&J&£SBg|i-f-5 C tlcj; 
<94K.b^7t , b<73-C i fo5^, A 1 G a In PA^ftS^ 
>g{$Jf O&^Ffg-g-li, A 1 G a In P©A 1 fcitfG 
a ro^fcroaflfiRfcHHi-t-S w fc C ± 9 5>^f t £ V N 
U Gal n PA»fcfc5¥**B<Dtt**Stett, Ga 

I n P (75 G a <75ffif££3Sip-f-5 Z k\z£y *§-Z.btlXt> 
£\>\ 

[0 0 6 7] Src. ±aro* l ~» 6 roma^UUcis^ 

fc. #^?9ft:SW^fi(li4. «xW3r/- (MB 
E) feftif(7?MOCVD-Se(^ro*-&$rffl^-C'b I tV\ 
[0 0 6 8] SblC, ±ifi<7?mi ~^6<D*iS»fi§^fc 
^tli, i(O^W$rSCHfll5t<73A 1 G a I n 

#u—f\zmmLfz%&\z^\^xtkwviti>K z<d&w 

li, DH (Double Heterostructure) 1f ii<OA 1 Ga I 
n P^^^U-iflwiifflLTi^r <tl4M8U A 1 G 
a I n P3fi«Jt^5i-- K*>*VM4Sa*«l!«>A 1 G 
a I nPl^l — tfCaMiL-CfciVV, ^tz, Z<D 
510^14, ±iiE<DA 1 G a I nP**i|**ft*W 
C, A 1 G a A s ^^WfrJBJtSU^, I I -V I Rfk^ 
tt^jgflttfflv^^WftJBJtJR^. i i-v 

A s P ft tffciiffll- 5 ifc ■b^Jfg-C-fe 

[00 6 9] 

y KS<0 5*> / >ft< #**Sftlc:*rL-C 
2. 0X10^13. 0 x l 0- 3 £AT£fcl4- 1 • 5 
x i o- 3 «±- 2. 0 x i 0-<6(TwtSf^I^?rWt 

77 V>ft< H-^ilSI41^ ! . #«($S 

fr(r*tLT2. 0X1 0S13. OXlO- 3 aT*3t 
l±-l. 5X10^1-2. 0 x l 0-'J£A7Wte : Ff 
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#|JB¥ 1 1 -8 7 8 3 1 



=b 0 zixizx*), «»B«MzfcttS**M*K--tr yfoom 
^tz^ -c-teia-r 5 ^ t \z j; 5 ^ £ 

^t-£-5<ot\ ^MW-ftft^tn&ftvhmcnfah. Witt 

[0 0 7 0] Sfc. Z(D|ga^l3j;57tt 0 y^T-y7'^B 
1= J: 9 . flMW40l«l±*3 J:VW?fl»^1#ttroekffS:ia5 

S©AlGa In P U— r^^1-|SrffiiHT'fc 
?>„ 

[0 2] l «5Htfij|0l8i:J:5JS*T**ifi 

SWA IGa In P W—tf-'CQ^^U^-AV K 

0T&5. 

[El 3] r«5«Wro*lO|gJ£»ll|(=J:saJlf*Wjfi 



S/COA l G a I nP3R*»*l^— !f«>«a#i&*IMi1- 

SWA l Ga I nP**W#U-1toKit#fe*IMJ+ 
•5fc£<£>l#rffi0T-fc5 o 

[as] za*mniii0>nRT»m~xznifi9m& 

|©A 1 G a I n P*#W*U— JtoilSft^ifefrlMlf 
[0 6] r.ro*Ww»6o>|gljsJKffl[ilwJ:5fi]»W«ia 

OAlGa In P*iNI*U— i)-*£^1-|rrffi0-C-fcS, 
[07] »2. «3. Jff4» »S* 

fcliS6 0Hlfi}eJfiJwJ:5A l Ga I nPltStfU- 
LTflH*fc#^*?ff£3Stt£^l&*l2] 

1 • • ■ nlG a A s StS, 2 • • 
,,,) I n yl P^7S/ KS, 3, 5 
Ga w ) ,-, 2 1 n, 2 P3t©j£^, 4 • 
a • • • Ga h In, Pft^-^FS. 
1 ,-G a,.,.) ,- y2 I n y ,PP$§tl„ 6 ■ 



ni (A 1 „G a 

• • (Al a 

• • gi4l. 4 
4 b • • • (A 

• - pi (A 



[01] 



[03] 



7(p) p3SCalnP«PHJB 

8(p) PSGaAs-tt7^S 
10 PtMSS 




9(n) 
J>(p) 

/6S(Al.iGai-.i)wiln y iP^7ty 
5 (AK»Gai-^)i ,iln.2PJtSS23B 

3 (AU«Ga^)i-*ln*PftM^ 

■2(n) 

rffl(Al.iGai-.0i-»iln,iP^7C/ 



~l(n) nSGaAsSffi 
—11 nflj^g 




[04] 
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